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I NT.RODUC'l'ION 
Grape growing as an Iowa industry 1s limited to about 
800 acres in the southwestern portion of the state in the 
Council Bluffs vicinity of Pottawattamie County , but produc-
tion for the local market and for home use 1s extensive 
throughout the southern half of the state. Over 90 percent 
of thes e nl antin ,e a.r e of the Concord variety. 
In the pas t four years , Iowa grape growers have expressed 
cons i derable alarm concerning apparent 2 ,4-.D ( 2 , 4- dichloro-
phenoxyacet1c a cid) herbicide damage char a cterized by leaf 
malformations, sp1nd11ng cane arowth, and in some cases, 
uneven ripening of the fruit. The damage to vineyards varies 
from mild l eaf defor>mities , to compl ete los s of salable crop , 
in a few instances . In 1954, uneven ripening of berries 
·-in t he bunch at harvest time Nas a serious matter in the 
commercial vineyards . ~he most severe 1nJur1ee have been 
report ed from plantings adjacent to highways , r a ilwayH, and 
public utilities T~h1ch were trea ted with 2,4-~ i n which 
spr a y drlft probably ca.me into direct contact with the vines . 
New plantings have suffered especia lly from contamina tion 
early in the season ; t he result was little or no cane growth. 
Damage i s so wi despread t hat no vineyar ds have been reported 
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or have been seen by the writer during 1953 and 19.54 which 
were free of the chara.cterist1c 2,4-D malformations . 
In view of these facts, these experiments were designed 
to study the various types of injury au.stained by the Concord 
grape , assess the damage resulting from incident contamina-
tion , and estima te the possible consequences of greater 
quantities of 2, 4-D h1ch may attend the use of volatile 
formulations of t his herbicide . 
It should be understood t ha t the~xtreme .sensitivity 
of the Concord grape to 2,4-D at c~rta1n s t~ges of growt 
and differences in absorption of the 2, 4- D materials by the 
plant , ake for considerable variation in the responses to 
2 , 4- D applications . In the field exper iments , the prevalence 
of 2, 4-D 1n the atmosphere , beginning usually 1n July , 
creates a situation where comple te i solatlon i s nearly im-
possible ; consequently, control plants are likely t o be at 
leas t slightly contaminated . 
REVIE~ OF LITERATURE 
In the few year.s t hat 2 , 4- D has been used as a n herbi-
cide , a consider able volume of research has been published 
on t he empirical effects of 2,4- D applications on pl ant s . 
Although only a few report s have been directly concerned 
with 2, 4- D effects on the gr apevine, the annual presence 
of l eaf malformations has testified that the grape i s one 
of t he moet sensitive crops to t his chemical. 
In 1947, 2, 4- D injury to grapes was reported by Gilbert 
(14) as a result of spr ay res i due , and by J ohns on (21) as 
a result of toxic va.nors. Griggsby, Churchill, Hamner, and 
Carl son (1.5) warned t hat grapes are eas ily 1nJured by 2 , 4- D, 
and Shaulis ( 37) dis continued t he use of 2 , 4- D and sodium 
triehloroacetate in vineyard reed ki lling trea tments after 
t he fir s t season of experi mentation. 
St evrart, Gammon, and H1el d ( 41 ) found that, of the 
pl ants present in mountain canyons hen aerla.l appl ications 
were made, in early summer, t he ·il d grape , Vitia g1rd1ana 
Munson , was by f ar the most susceptible to 2, 4- D; the wil-
lows were next in susceptibility . The authors anticipat ed 
t he possibility of eradicating t he wild gr ape vines in 
San Diego Count y , California . 
4 
Ac cording to Clor e (5) , A. S . Craft s furnished t he 
i nformation : 
Tha t f rom l to 4 millionths of a gr a m applied to 
a s ingl e l eaf , will ree ul t in definit e e ympt oms. 
of 2 , 4- D injury to t he immed i at e ehoot . On t h is 
basis , one ounce , s o di s tributed , coul d ma.lform 
140 t o 560 a cres of gr apes . 
Clore and Burns (6 ) treat ed young Concord grape leaves in 
t he greenhouse wtth s pecific amounts of herb i cide , resul t i ng 
in s ympt oms on shoot s wi t h s ingl e l eaf applica tions as low 
a s 0 . 0001 micrograms of 2, 4- D. However , on earlier te s t s 
with pl an t a whose growt h had been r etarded by high t emper a-
ture and light intensities in the gr eenhouse , only slight 
ma lfor ma tions ere noted with concentra tions up to 512 
microgr ams . 
Tulli s and Davis (46 ) reported t hat Chinese Tallow 
Tr ee , S:till1ng1a s ebi :fer a , produced. shoote with 2, 4- D injury 
in 1949 after be ing injured in 1948, giving evid.enc of 
per s i s te nce of 2,4- D in pl a nt tissue . Tukey (44 ) and Ea.mes 
(ll ) criticis ed t h i s report , cla iming t hat t he injury is 
done a t t he time of t he treat ment ; the symptoms ar e t he 
del ayed expre ss i on of t he 2, 4- D e f fect s due to the deve lo 
ment of dormant buds inj ured (Thile gr owing } be fore dormancy . 
Persi s t ent effe cts on Melia i n t he s pri ng aft er autumnal 
spr aying of gra ss under t he tree we r e al so noted b y Brown 
( Z) . Pridham ( J4) tr ote tha t t he de l ayed action 1s more 
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nearly analo ous to tha t induced by soil trea tment or seed 
treatment . The localized effect of delayed 2, 4- D action 
sugges ted that it was associa ted w1th direct contact with 
2, 4-D spray rather than vapor. It may be in some insta nces 
that 2, 4-D persistence, or delayed action , is caused by 
2, 4 - D material in the soil being absorbed in the s pring . 
Cotton seedlings from seeds produced in bolls initiated 
eight weeks aft er appli cation of O. l , 1 . 0 or 10 mg acid 
equivalent of sodium 2, 4- D, exhibited 2,4- D injury , according 
to investigations by Mcilrath, Ergle, and Dunlap (27) . 
Unrau and Larter (47) observed hi gh incidence of c.h..romos omal 
aberations in pollen mother cells of cereal pl ants sprayed 
a.t emergence . They reaeoned that t he ca.use was probably 
residual persistent activity of the chemical . If such is 
the case , thl s is evidence that the herbi c i de was still 
active weeks after appliee.t1on . 
Clore (5) wro t e t hat 2, 4- D injury to~rap?. ea~ly in 
the seas on reduces fruit ee~ and that(inJury after fruit 
set 11m1 ts the increase in fru1 t siz~ (interferes with 
proper maturati~ a nd ~moa1rs the :flavor and aro.:... ~'hen 
Weaver and Williams (50) applied hormone treatments to 
flower clusters of vinifera grapes , 2, 4- D applications re-
sulted in severe injury a t a concentra tion of 2 ppm: appli-
ca tions of 4-chlorophenoxyacetic acld a t SO pnm retarded 
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maturity without othe r injury ; a nd treatment s of beta-
naphthoxyp:rop1onio acid a t 200 ppm greatly hastened ma. t uri ty • 
.R.coelera.t ed r1penino- has been noted as a result of spr aylng 
2 ,4,,5-'!1 ( 2.,4,5-trichlorophenoxya cetic a cid) on prunes by 
L.1el1nsk 1 , Marth, a nd. Prince ( 53); on pea che by Hi gdon 
( 18) a.na. Weinberger ( .Sl}; on apricot by Cr ane ( 8 ) ; a nd on 
app l eB by Harl e y, Ma1 .. t h , a.nd Moon ( 17) . Bu t 'f uk.ey s nd 
Hamner (4.S) del e.yed ma,turi.ty of cherry fruits 11 1th 2,4-D. 
Tr anslocation of t he 2 ~ 4- D s timulus ~as i nves t iga ted 
b y Mitchell and Brown ( 29 ) . Thay concluded t hat i t 1e 
closely as socia t ed with the transloca tion of organic food 
ma t erial through 11v1ng cells of phloem and par enchyma; 
moreover, they demonstra t ed that~, 4-D entering the roots 
ae translocat ed t hrough non- living cells of t he s tem~ 
probably t he transpiration stream of t he xylem. The wo rk 
of ~eaver and Derose (49 ) f urther confirmed t his ; they 
found t hat t he r e gula tor pas s ed UP" a rd but not down •a.rd 
through dead stems , but when applied to aerial portions of 
plants, t he substance readily moved do nward rhenever the 
tranvlooation of ~ynthesized m t er1a l s occurred. 
Increased res 1')1ra t1on r a te s 1n pl ant s treat ed w1 th 
2, 4-D were reported. by Br yant g,ud Ra smussen (4) , Brown (J ) , 
Hansen (16 ) , Kelly a nd Aver y ( 2J). and Smit h , H...q,mner , a nd 
Carlson (39). De creased r t es of respira tion were reported 
____ ..  ..... --... 
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by Hsueh s nd Lou ( 20} , Vii tchell , Burr i s , and Riker ( 28 } , and 
Taylor (43) . Loom! · ( 26 ) wrote t hat dandelion r oots showed 
a moderate increase in re p1ra tion with trea t ment s a t 1 20 
ppm, greatly increas ed r a tes a t 480 ppm, ana a decrease to-
ward r a tes of untrea ted control s at a 2,4- D concentra tion 
of 19 20 ppm. The crit1eal thres hold between stimulation 
and inh ibition is evid.ently gove rned by t he concentra tion 
of 2, 4- D in rel a tion to pl ant suecept1bil1ty . 
General decreases of dry we i ght as a result of 2. 4- D 
action , inves tigated by Brown (:3) , Mitchell and Brown (JO), 
Klingman ( 2,5) , a nd Weaver (48 ), were robably correla t ed 
with respira tion increases . The lose in dry weight has been 
traced to the ca rbohydra t e reserves by Mitchell and Brown 
(JO), Rasmussen ( J 5) , Sell , Leucke , Taylor, and Hamner (J6 ) , 
Sm1th , Hamner , and Carls on (39 ' , and ~ort (52 ) . An initial 
increase in the percentage of sugar s i mmedi a t ely followi ng 
2, 4-D trea t ment was shown by Rasmussen (J5), Smith (J8 ) , 
and Wort (52), follo ed by a r api d decline in sugars [ s mith 
(J8) and Wort (52>). 
Histological responses to 2, 4- D were studied by S a.neon 
(42 ) , lfos haw and. Gu a r d (19 ) , a nd Eame s (10 , 1 2 ) . The general 
conclusions presented are t hat ~eristematic tiss ues and t hose 
tiss ues capable of r everting to a mer i s t emat1c oond1t1on are 
mo s t readily af f ected b y 2,4-0 The tis sues mo s t affected , 
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other than grow1ng points, include endodermis, pericycle 
(not yet diff.erentlated) , cambium, and phloem parenchyma. 
Swanson (42) and Eames (12} have emphasized the disruption 
and crushing of the phloem strands by the disorderly pro-
liferation of the phloem perenchyma and cambium. Xylem 
parenchym.a. appears to be but little affect ed . 
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MATERIALS AND METHODS 
Observations f .or thie s tudy were started in September, 
19 52 at Iowa St a te College horticulture f a rm vineyar d , Ames, 
and the vineyard at the Bluffs Experimental Fruit Farm, 
Council Bluffs . In these vineyards , distal portions of 
almost all shoots on vigorous vines were seen to be mal-
formed in the manner t ypica l of 2 , 4-D injury. Leaves on 
these portions were pale green with prominent finger-like 
veins; 1n several cases , t he lea ves were f111form or strap 
s haped and mos t of the mes ophyll was absent . The mesophyll 
remaining was present in small 1sla nd.s of tissue bet een 
veins which coalesced to form bands of veinal tissue. Shoot 
stems , fll though normal on the basal portions he r e the 
( leaves were al s o normal, appeared to be eons 1derably elon-
gated , stringy, with somewha t longer 1nternodes t han norma l . 
These a ffected s hoots were gene;:'!_lJ.y __ b anched , the first 
...---
l a t er als aris i ng JJ.Utt..-bey~nd the pos ition of the injured 
leaves. On a few of t he l a t erals ere bunches of pea- size 
gr apes , a second set ·, still green al though. t he ma in crop 
was being harvested a t the t i me . The number of t hese green 
immature, late- setting , bunches wa.e l1m1 ted .; t heir weight 
wa s estimated a t less than one-tenth of one percent of the 
weight of the harve s ted crop . 
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Older growth ias not visibly affected . Q>1der and less 
vigorous plants had less affected growth than the younger , 
~ 
highly vigorous Ol_!..~...-1 Symptoms appeared 1n these vineyards 
in the(l a tter part of June or in early July)at a time •hen 
growth ~ o uld have slowed on older or less vigorous plants . 
'!'his coul d explain the genera.1 l a ck of symptoms on these 
plants . 
The effect was widespread throughout the area {no vine-
ya1•ds or wil d gr ape s in Io rfe. were obser ved without 2, 4-D 
malformations) and frequently no 2 , 4-D spr aying was known 
to have been done in or near the v1neya.rde ; consequently, 
1t was reasoned t ha t t he 2, 4-D symptoms 1ere due to a.1r 
borne material , probably volatile . Much of the 2, 4- D used 
i s t he normal butyl ester formul a tion, which has been shown 
by Allen (1) , Davis {9), Mullison (Jl) , a nd Mullison a nd 
Hummer ( 32) to have a. cons iderable phytotoxie vola.t.ili ty . 
Cuttings were taken in the f all and through the ~inter 
from both vineyar ds , to be rooted and s prouted to determine 
if the stimulus would be persistent and evident on the new 
growth , ae reported by several investiga tors . Over .350 
cuttings were ma.de from proxima l shoot port ions showing no 
2, 4-D symptoms, from medial portions showing the symptoms on 
the leaves, and from severely injured l a t erals and di.s tal 
portions . In addition; a few cuttings were made from 2 year 
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old wood removed a t pruning time . The majority of the 
cuttings were hot-callused a t approximately 75° F for 3- 6 
weeks, and when rooted or well callused they were pl anted 
in 7 inch standar d clay pots . The others were stored at 
41° F for 6 months, rooted in sand , and 11kel'r1ee potted . 
Besides the cuttings , tour plants each from Am.es and 
Council Bluffs were transplanted to the greenhouse for 
observations. These plants were pruned so aa to lea ve a t 
l ea.st one entire c ane , 2 , 4- D injured portions 1nclud.ed . 
Several plants in ea ch vineyard ·ere pruned in t his ay 
also . 
To study the effects of 2, 4-D on fruit set , leaf area, 
shoot growt h , size and quality of berries , and bud develop-
ment of Concord gr apes , di fferent concentra tions were spr ayed 
on plants in the college horticulture farm vineyard at Ames . 
Four replications of four treatments--check, l, 10 , and 100 
ppm a c id. equivalent of 2 , 4- D-- were appl i ed t o individual 
plant s of three experiments a t e a ch of t he following periods: 
l. Juet pr evious to flowering , before dehi s cenoe of 
oalyptras . (6 June , 19.53) 
2 . Af t er fru i t se t. (10 July , 1953) 
3. At harves t. {16 Sept ember , 19.53) 
An amine fo:r•mulation was used, the triethylam1ne salt 
of 2,4- D acid, marketed by Swift and Company . Chicago , 
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Illinois , under the name of End-0-111eed . Triton B-1956, a 
nonionic wetting agent sold b r Rohm and Ha.as Corporation , 
was added at a concentration of one part in JOOO . The 
material wa.e applied with a Maccarl Fog Maker , hand sprayer. 
The sprayer was modified for easier manipulation by doubling 
the length of the neck, necessitating also the lengthening 
of the uptake tube ; 1n addition , the cardboard "leathers" 
in t he small force pump were replaced w1 th a more durable 
material . 
Coverage of the leaves without runoff •as attempted. 
Approximat ely 125 ml of spray solution per pl nt was re-
quired for the first applications . About 250 and 37.5 ml 
were required for t he second and t hird experiments . At least 
one clear , sunny day preceded each or the a.pplica.tlons, which 
were m de in mid- afternoon of sunny days with air t emperatures 
of 80- 85° F. No indioa.tione of epray drift or volatility 
rere noted on untreated pl ants . 
Experimental pl ant s ere observed closely throughout 
the season, and measurements wei•e made as follows : 
Experiment l . 1953 : 
Flower bud count 
-----
Fruit count 
Shoot length a t 3 reek intervals 
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Weight and color of berry sampl es 
Sugar co.ntent of r aw juice 
Seed count and germina tion t est 
Experiment 2. 1953: 
Shoot length at 3 week intervals 
Weight and color of berry samples 
Su ,ar content of r aw j uice 
Seed counts and germina t ion tes t 
Experiment J . 195) : 
Weight and color of berry amples 
Sugar content of r a juice 
Seed count s and germination tests 
1954: 
Weight and color of berry samples 
Sugar content of r aw Juice 
Se ed counts and germination tes ts 
The a.na.lyses include three replica t ions analysed 
according to a r andomized block des i gn ; the experim.ental 
unit wa one 24 year old pl ant of medium vigor. A fourth 
ttrepl1cat1on 11 was made up of 4 yea.r old pl ant s of highly 
vigorous growth; t hi s 11repl1cat 1on 11 i s not included in the 
analyses of variance but will be referred to in the te.x t. 
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Eleven to thirt een clusters on each vine of Experiment 
l were selected for determining fruit set . Blossom counts 
were start d six days before flo ering, but hail broke off 
shoots and clus ters , necessita ting r e counting . To assure 
accuracy of count , the mark1ng of each flower with India 
ink , Crandall (7) , was impera tive but exceedingly tedious . 
This process was gre .s.tly accelerated by the use of a modi-
fied Ink- 0- Graph, a t ubular fountain pen with a eighted 
clearing needle . To modify it , the .3 g lead weight of the 
needle was trimmed down to 1. 5 g without decreas ing its 
l engt h . The needle then was not sufficiently we i ghted 
to puncture t he calyptras but was still heavy enough t o 
pierce and clear the dried Ind i a ink from t he feed tube 
when shaken gently b y t he opere.t or . Thus a1dea., lt was 
possible t o count over 20 , 000 flo"er buds in t bree days . 
Although frui t count s were made several times through 
t he season,. t he final count a t harvest was t he only one 
cons i dered because many of the undeveloped ovaries persisted 
on treated plants . 
Records of s hoot l engt h a nd branch i ng were made on ten 
or more shoote per pl ant chosen at random . 
Sampl es of 100 berries were taken from bunches from 
bot h t he t op and bottom wires . These wer e gr aded as to 
color, count ed, weighed , and pressed in a. Wearever conical 
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colander. Uncooked juice -~as teeted with a Brix sac-
oha.romete:c , the ata.nda.rd commereie.1 method fo r estimating 
sugar content of gr ape juice . 
Seed counts wer e made from a. 50-berry sampl e , the 
seeds s tored for a pe r•iod of 4 months ln .ta moistened cond.i-
o t1on a t 40 F, and t heir germinat i on t est ed with a r andom 
sample of 60 seeds, except in the 1954 germination tests of 
Experiment 3. wher e a sample of 80 seedt3 wee used and. 
s tra tified for J months . 
I n addition to t he experiments 1n whi ch vary ing con-
centr a tions of 2,4- D were appl ied, trials were made ln 
which specific quantities were appli ed in 0 . 0 ,5 ml of water 
to the l as t-formed mature leaf of a shoot with an automatic 
m1crop1pette . The solution was kept within an area of 
approx i mat ely 60 mm2 by a vaaeline ring; all solutions 
contained approximately one part in JOOO of Triton B-1956 
wetting agent. '!'he series was graded from O. 25 micrograms 
up t o 1024 mi crograms of 2 , 4- D a cid equivalent of the 
sodium salt of 2, 4- D. 
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RESULTS 
Effects of Ambient 2 , 4- D 
Cuttings t aken during fall and winter of 1952 were 
rooted and sprouted . Ei ght plants were grown in the green-
house and several observed in the field . The chief purpose 
in t his inve stigation was to de t e rmine the persistence or 
earry-over through the dormant sea.eon of the symptoms of 
the a i r borne, incident 2 , 4- D. 
~hose auttinge made from the terminal part of the cane 
hich showed visible in j ury to 2, 4- D ~ere difficult to root 
and ma.de very leak and spindling 1?rowth ; 1n the field , t he 
corresponding parts were generally frozen be.ck at the tips 
during the winterJ }fot ever, ~n ~~~-~-~_-: __ :.:::~2 , trans-
' pl ants, or field planta, were there any signs of persi et ent 
injury on t he new gro t h that could be ttributed to 2 , 4-D. 
,..)" 
Indeed, t he injuries appear ed to be superficia l i n pl a nts 
which were suff ic1ently vigorous to obtain good canes of 12 
or more nodes previous t o t he influx of the contamination . 
In fact , t he pl a nt s in the vineyar ds at Ames and Co t1ncil 
Bluffs on whi ch one cane was l eft entire (2,4-D injured 
porti ons included) bore fruit more or l ees evenly distributed 
over the entire unpruned cane . Figure 1 sho ·s one of these 
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Fi gure 1 . Unprune d grape cane produce d gra.pes all a,long 
1 t s lengt h . Previous year ' s l ea.vee showed 
2 ,4-D malfor mations from tip ( a t right side of 
picture) to point ma.rked by arrow. Council 
Bluffs Exr.ierimental Fruit Farm , September 19.)J . 
18 
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canes ; leaves on the pa.rt of the cane to t he right of the 
arrow showed eevere 2 ,4-D symptoms t he previous year . 
Eff e cts of Spr ay Appl ications before Flowering Time 
Treatments up to 100 ppm (one- tenth or lees of t he 
concentration generally empl oyed for weed killing) were 
appl1e· to gr&pe plants early in June before flowering . 
With.in 24 hours aft er application, plants treated with 100 
ppm eho\ ed 2 . 4-D symptoms . Ne les.ves curled upward , and 
shoot tips bent down a,rd or curled severely a nd became 
brittle . In three days, flower nedicel e and bunch sterus 
t urned light yellow- green , the shoot tips and i mmature 
lea ves became much contorted , and t he shoots were swol len 
above the nodes . 'fendri l s became loose or released t he ir 
hold entirely , allowing some wind damage from floppi ng and 
abraelon . Shoot tips began to lose t urgidity and con-
side1~able diebs.ck became apparent . Five days afte r appll-
ce tion , e.. few f lowers opened , but mos t of the calyptras 
were brown and dead , consequent l y , failing to deh1sce ; 
s t ame ns were much distorted . Later , a few berries de veloped 
i nside t hese calyptras , pushing them off . By 26 June , the 
foliage and shoots had died back s o far as t o leave t he 
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bunches very much exposed. At most only two or three l a rge 
l eeves per shoot remained . 
Pl ants trea t ed i t h 10 ppm 2,4- D showed a. slight ten-
dency to loosen t heir tend.:r1ls . As time passed , typical 
leaf symptoms be ca.me severe ; leaves hi ch formed. aft er 
spr aying l*1er e sme.11 a.nd malformed, decreas i ng t he den ity 
of the foliage (Figure 2) . Dieba ok of the shoot s was no t 
more extens ive t han on check pl ant s . 
The entire vineyard sho ~ed .2 , 4-D symptoms on 4 July, 
as did other gr apes in t he vicinity of Ames . It as , of 
course , not known rhere a,reas . ere being s prayed ; ho ever , 
2 J uly wa.s calm a.nd clear , and several spr ay planes 1 ere 
spotted on t his date . Figure 3 shows a shoot 12 days later , 
16 July , with this typical injury . Fi gure 4 of the same 
plant a t t he same time ebo s t he first crop of gr epes 
developed almost to their ultimate s i ze ; a l s o , in front of 
the bite card , may be seen a »seoon se t " clus t er with 
small berries . trhe ae bunches appeared eomet 1mes several 
decime t ers beyond the usual bearing nodes , and were at t he 
eame time at different stages of development ; however, they 
were regularly borne at and beyond the first node affected 
by 2 , 4 - D.) 
Dat a on fruit set are ent ered in Table 1-a. Because 
of differences in sampl e size , covari ance (40) , was used 
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F1rture 2 . Grape plant treated 6 June Iith 10 ppm 2, 4- D. 
Photogr aphed 16 J uly. Note limited amount of 
foliage and exposed fruit. 
22 

Figu'Y'e ,3 . Result of 2 , 4- D contamination of t he a ir•, in 
19 53 first observed on 4 July . Photographed. 
l6 Suly . 
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Fi gure 4 . ~ econd crop fruit ee t . Note l a r ge fruits on 
s ame shoot . Photogra~hed 16 July 1953. 
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Table 1-a . Fruit set and flower count of gr ape pl ante 
treate d with 2 , 4- D pr ior to f lower ing 
(Experiment 1 . Trea ted. 6 June , 19 SJ. ) 
Replica tions 'l're a t ments (cone . in ppm} 
Che ck 1 10 100 
1 Flowers 1987 1 2J7 1593 lJl.5 
Berries 589 393 348 34 
2 Flo ere 1047 1422 1774 1247 
.Berries 269 Jl.5 448 61 
J Flowers 1 211 931 1515 1441 
Berries 315 248 445 64 
as a val i d a nalysis , Table 1-b. Table 1-c eho s t he 
treatment means adjusted to a n over- all mean , a s ell a e 
the percentage fruit se t for each treat ment ad jus ted for 
s ampl e size differences. 
An effective mean square , s2 : 3995.5, was calcul ated , 
as proposed by Finney (lJ) . In Tabl e 1-d, the sequential 
r a.nge te s t for comparison of trea t ment means , developed 
by Newman (JJ ) and Keuls (24), shows differences signifi-
cant only for the 100 ppm treat ments . For ea ch cell of 
Table 1-d . t he l ae. t l ine i s t he d ifference ca lcula t ed for 
s i gnificance for t he one percent point; t he l as t line but 
one i e calcula t ed for t he five percent point. 
Table 1-b . Analysis of covariance of fruit set on flower count of gr apes , 
toge ther with tes t of significance 
Source of 
vari a tion 
'l'ota l 
Replica tes 
Treatments 
Error 
Treatment 
+ error 
Degrees 
of 
freedom 
11 
2 
3 
6 
9 
Sums of squares and products 
sx2 Sxy sy2 
974044.7 .317628 . 7 324570 . 9 
136248. 7 40345. 2 13262 . 2 
29 2152 . 7 118414 . 7 247255 . 6 
545643 . J 158868. 8 64153. 1 
837796. 0 277 283 . 5 .311408 .; 
Difference fo r t esting adjusted tre a tment means 
F - 67 246 . 58/3579 . 42 = 18 . 79 F . 05 = -
Errors of estima te 
Sum of Degrees Mean 
squares of square 
freedom 
17897 .1 5 3579 .42 
219636 . 8 8 
201739 . 7 3 67 246 . sa** 
5.41 F. 01 = 12 . 06 
** Significant diff erences at t he one perce nt probability level. 
I\) 
CX> 
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'!'able 1- c . J. djueted treatment meana of fruit set 
Tre atment Ad justed mean set Adjusted percentage set 
Check 
l p pm 
10 ppm 
100 ppm 
)84 . 68 
37 5. 91 
J4.5 . _54 
70 . 18 
27 . 6J 
26 . 63 
25 . l~z 
3.97 
Table 1- d . Sequential r ange test for comparison of 
treatment means 
- -X100 ppm ~o ppm Xi ppm 
Xcheck Jl4 . 50** 39 . 14 8. 77 189. 04 16.5 . 69 
285 . 76 
Xi ppm JO 5 , 73** 30 . 37 165 . 69 131 . 7 5 
255 . 46 
- 27 5. 35** X10 ppm 1.31 .7 5 
208 . 02 
** Si gnificant difference a t the one percent probabili t y 
level . 
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Fr uit set dat a on the single repl i cation of f our year 
old pl c.nt e were similar to t hat of Table 1-a •ith the 
exception of th.:: ·ol ant treated with 100 ppm ; o.f 1.517 flowers 
count ed , there '!:ere no fruits set . 
Plante treated with 100 ppm 2,4-D in June and seve r ely 
injure d at that time , had begun to f eoove r within one mont~) 
Axillary buds for med shoots r ap i dly whi ch added to the 
foliar area . The se shoots developed leaves whi ch bore some 
2,4- D malformations ; however , 1t was not ascert a ined 1f 
t his was a consequence of the original application or a 
result of the air borne , incident contamination whi ch firs t 
made it s elf manifet:1 t in t he vineyard a t about this time . 
By 16 July , these shoots had elongat ed and developed a second 
crop of' cluster s on t he new shoot a. t the usual pos1 tions . 
Fi gur e 5 shows t hese recovery shoots ; t he second crop clus-
t ers can be eeen, along with a. few of the f irst crop 
berrie s . Note , a l s o , t hat many ovar1ee on the first crop 
clusters have pers i ste d but have not e nla1•ged . Fi gures 6 
and 7 ere of the ea.me plant, photograJ. h d 16 July and 14 
Sept ember , respectively . Much of the second growth fruiting 
wood survived the winter , and the following spring of 1954 
t'ound t he vine in good condi tion, although it l.\ras deemed 
neces sary 'beeauee of shortness of ca.nee to s pur prune r a ther 
t han to use t he four cane Kniffen sys t em ordinarily used . 
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Figure 5. Grapevine sprayed 6 June 19 53 with 100 ppm 
2, 4- D. Recovery by new shoots from axillary 
buds and production of a second crop of 
flo er clusters . Photographed 16 July 1953 . 
32 
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Figure 6 . Grape nl ant treated 6 June with 100 ppm 
2, 4- D beginning to recover by ne r s hoots from 
axillary buds . Photo gr aphed 16 July 1953. 
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Figure 7. 88.Jlle pl ant e.s in Fi gure 6 . Photographed 
14 Sept ember 195). Good recovery of 
foliage area ie evident . Note almos t 
complete l a ck of gr ape crop . 
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Data and analyses of variance of ber ry eight , 
number of green berries , and sugar content of ra 
juice a re given 1n Tables 2, ) , and 4 , respe ctively. 
The analyses fail t o show significant differences a t 
the five percent l evel in any of these measurements . 
The replication of 4 year old plants was not dissimilar 
1n its reactions , with the exeeption tha t the range of 
variation was considerably greater in all three 
measurement s . 
The data for the number of green berries per 200-
berry sample (Table 3- a ) 1nd1oate the tendency for t he 
100 ppm trea t ment s to delay maturity . However, t he 
vari a tion i s high , the coeffieient of vari ation being 
140 percent , and t he analysis of varia nce does not 
s how significance at the five percent level . 
The analyses of the data of number of s eeds and 
.seed germina tion, 1l1able s 5 and 6, res pectively , like-
wise fail to aho .r s i gnificant differences at t he five 
percent level. Nevertheless, the fact that no pl ants 
•e re ob t a.ined from seeds produced on plant s treat d. 
with 100 ppm 2 , 4- D indicate s the exis t ence of 
pr actical differences . 
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Table 2-a . We 1ght in grams per 200- berry sample s.t 
harvee t, 21 September , 1953 
( Experiment 1 . Trea ted 6 June 1953.) 
Replica tion Treatment (cone . of 2 ,4- D in ppm ) 
Cheek 1 10 100 
l 542 . J 462 . 1 
2 507. 3 488 . 2 
J 4,52 . 2 468 . 4 
Means 500 . 6 47 2. 9 
Table 2-b. Analysi s of variance 
Source of 
varia tion 
Treatments 
Replica t i ons 
Error 
Total 
Degree s of .... ums of 
freedom s quares 
3 
2 
6 
11 
7258 . 50 
586 . 82 
6681 .70 
.501 . 2 
463 . 9 
475 . 5 
480 . 2 
Mean 
square 
2419 . 50 
29J . 4l 
lllJ . 62 
499 . 4 
554. 8 
554. 7 
536 . J 
F :: 2. 17 
F : O. 26 
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'!'able 3-a. Number of green berries per 200- berry sample 
a t harvest , 21 September, 1953 
Replication 
l 
2 
3 
Means 
( Experiment 1 . Treated 6 June , 1953.) 
Trea tment ( .cone . of 2, 4- D 1n ppm) 
Check 1 10 100 
0 
0 
0 
0 
9 
0 
0 
3 
1 
1 
12 
43 
.5 
16 
21.J 
Table J-b. Analysis of variance 
Source of 
ve.r1at1on 
Treatments 
Repl ications 
Er r or 
Total 
Degrees of Sums of 
fr'e '=dom square a 
3 
2 
6 
11 
826 . 917 
276 . 500 
622 . 8'.33 
1726. 250 
Mean 
square 
27.5 · 639 
1J8. 250 
lOJ . 806 
F : 2 . 66 
F : l . JJ 
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Table 4- a . Sugar content of rs.w Juice in degrees brix a. t 
harves t, 21 September , 1953 
Replica tions 
l 
2 
J 
Means 
(Average of t wo measurements) 
( Experiment 1 . Trea t ed 6 June, 195J .) 
Check 
18. 25 
16 . 20 
15 .15 
16 .53 
Trea tment (cone . 2 , L~-D in ppm) 
1 10 100 
18 . 85 
14 . 55 
l'( .75 
17 . 0.5 
17 . 50 
13.10 
15. 00 
15. 20 
17 . .50 
18 . 0.5 
18 . l.5 
17 . 90 
Table 4-b. Analysis of variance 
Source of 
variation 
Treatments 
B.epl ica tions 
Er r or 
Degrees of 
free dom 
3 
2 
6 
11 
Sums ot 
squares 
11 . 511 
13 .155 
11.?81 
Mean 
aqua.re 
J .837 
6. 578 
1.964 
F ::: 1 ~ 95 
F :f: J .35 
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Table 5-e. . Number of seeds per 100-berry aample 
(Experiment 1 . Treated 6 June, 19,5J.) 
Rep lication Treatment (cone . of 2 ., 4- D in ppm) 
1 
2 
3 
Mee.ns 
Che ck 1 10 100 
184 
224 
231 
213 . 0 
210 
231 
225 
222 . 0 
228 
214 
216 
219 . J 
190 
187 
208 
19 ,5. 0 
Table 5-b. Analysis of vari nee 
Source of 
va.r1a t1on 
Treatments 
Replications 
Error 
Total 
Degrees of Sums of 
free dom squares 
3 
2 
6 
11 
l3J . OOO 
594.66? 
249 5. 000 
3222. 667 
ifea.n 
square 
44 . 2.50 
297 . 333 
41,5. 8J3 
F : O .11 
F = O. 72 
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Tabl e 6- a . Ger mination test 
Replica tion 
1 
2 
3 
Means 
(Number of plants obta ined per 60-seed s ample . ) 
(Exper i ment 1 . Treat ed 8 June , 195J . ) 
'l'rea tment (cone . of 2,4-D in ppm) 
Check 
11 
15 
2 
9. j 
1 
4 
4 
6 
4.7 
10 
4 
2 
6 
4 . 0 
100 
0 
0 
0 
0 
Table 6- b . Analysis of variance 
Source of 
vari a tion 
Treatments 
Replica tions 
Error 
Total 
Degrees of Sums of 
freedom aqua.res 
3 
2 
6 
11 
lJl . 667 
6 . 500 
92. 833 
231 . 000 
Mean 
s quare 
4J . 889 
3. 250 
1.5 . 472 
F : 2 . 84 
F : O. 21 
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Effe cts of Spr ay Application during Fruit Development 
~pray applications made in July, hen the developing 
grapes had at tained a diameter of approximately l cm , failed 
t o do much immediately apparent damage . Only the pl ants 
t reat ed ' i th 100 ppm 2, 4- D showed intense rea ctions , and 
these only at the extremities of the shoots . Plants 
sprayed ith 10 and 1 ppm had symptoms s imilar to those of 
the check plants, t hat is , those symptoms previously 
a.scribed to the a.1 borne influx of 2, 4- D contaminant . 
Within 10 day s of the trea t ment, the berries on plant s 
treat ed wit h 100 ppm seemed to have gro n l arger than those 
of neighboring plants (no me·surements made) and had assumed 
a slight yellowish tinge , l i ghtly freckled with reddish 
a.mber on exposed areas of the bunches . .At harvest time , 
lL~ September•, the grapes on these vines were still green 
( Fi gure 8) . Harvest of experiment al plants as delayed one 
week , during bich time some of these bunches bega.n to color 
unevenly . A f ew bunches were maintained on the vine s sub ... 
sequent to sampling but were killed by frost before t hey 
were sufficiently colored to have been marketable . Flavor 
of t hese gr apes was seriously impaired. 
One shoot of one of the 100 ppm trea t ed plant s 1n-
adverten tly remained untreated . The three bunches on this 
Figuz•e 8 . 
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Grape plant treated in July 1th 100 ppm 2, 4-D . 
Pho to phed 14 Sentember 1953. Note that 
berries tere not mature , although other gr apes 
in the vineyard had already been harvested. 
( Some foliage was removed t o reveal fruit . ) 
4S 
shoot , located at the end of a treated cane, ripened along 
with those of the rest of the vineyard. 
Prev1ous observa tions of differences in berry size of 
treated grapes are not borne out by weight data , Table 7 i 
however· , the delayed maturity is shown by the highly sig-
nificant differences in the number of green berries per 
sample and in the sugar conten of the juice , Tables 8 and 
9, respectively . Although those vines treated with 10 ppm 
2, 4- D did not have significantly more green grapes t han the 
check plante, lt can readily be seen that the numbers of 
green grapes present would assume practical importance , 
especially if marke t ed as dessert grapes for fresh con-
sumpt 1on . This uneven ripening ie pictured in the photo-
gr aph of Figure 9. 
Effe ct on four year old plants corresponded with that 
on older plants. In the delayed maturity and decrease of 
sugar content of the grape juice by the higher concentration 
of herbicide, the dele t erious effect wa~ even more severe . 
The analyses of variance of seed count and germination 
data , Tables 10 and 11, indicate no significant differences . 
Grapes from plant s trea ted with 100 ppm solution in July 
contained many immature , whitish, usually deformed seeds , 
varying from minute hardened particles to almost full size . 
These immature eAeds were not included in the count s . 
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Table 7-a. Weight in grams per 200-berry sampl e at harvest , 
21 Sep t ember 1953 
(Experiment 2 . Treated 10 July 19 .5.3. ) 
Replication Trea t ment (cone . of 2,4-D in ppm) 
Check 1 10 100 
l 508 .? 534 .8 
2 S.54 .5 499 .l 
3 466.7 535. 4 
Means 510 . 0 523 . 1 
Table 7-b . .Analysi s of variance 
Source of 
vari a tion 
Treatments 
Repl1ca.t1ons 
Error 
Total 
Degrees of 
freedom 
J 
2 
6 
11 
Sums of 
squares 
1305. 58 
564. 43 
1070J . 2J 
12573. 24 
513. 1 
492.5 
.511 . 4 
505 .7 
Mean 
s quare 
435 . 19 
28 2 . 22 
178J . 87 
450 .1 
474 . 6 
557.1 
493 . 9 
F = o. 24 
F : 0 . 16 
Ta.ble 8- a . .Numbe r of green berr i es per 200- berry e a.mpl e a t 
harvest , 21 Sep t ember 1953 
( Experiment 2. Trea ted 10 July 1953.} 
Repl ication Treatment (cone . of 2, 4- D in 12pm ) 
Check 1 10 100 
l 0 0 37 185 
2 0 0 12 148 
3 0 1 12 189 
Means 0 O.J 20 . 3 174. 0 
Table 8- b . Ana lysis of variance 
Source of Degrees of Sums Of Mean 
variation freedom squares square 
Trea t ments J 6J6t~7 • .333 21 215 . 778 F : 135 . 61** 
Replications 2 500 . 667 2,50 . JJ.3 F : l . 60 
Error 6 938 . 667 1,56 . 444 
To t al 11 6.5086. 667 
.. * Si gnificant differencP- B. t the one percent probabilit y 
level . 
Table 8- c . Sequential range test for comparison of 
trea t ment means 
Xe heck X1 ppm 
X100 ppm 174. o** 173.7** 
35. 4 31. 3 
50 . 6 46 . 2 
X10 ppm 20 . 3 
31 . 3 
X10 ppm 
i53. 7** 
25. 0 
37 . 8 
** Si gnificant difference at the one percent :probability 
level . 
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Table 9-a . Sugar content of raw Juice in degrees br1x a t 
harve st , 21 September 1953 
( Average of t wo me a.sure men t s ) 
( Experiment 2. Treated 10 July l95J.) 
Re plications Tr eat ment s (cone . of 2, 4- D in ppm ) 
Cheek 1 1 0 100 
l 17. 25 18.60 15.05 9 . 00 
2 17.1.5 14 . 60 14 . 8) 9.85 
3 13 .15 17 . 3) 16. 00 8 . 20 
Means 1).8.5 16 .85 15. JO 9 . 02 
'l'able 9- b . Analysis of var1a.noe 
Source of Degrees of Sums of Mean 
variation freedom equaree square 
Trea tmen t .s 3 llJ . 431 .37 .810 F = 1 2 . 55** 
Replications 2 J . 500 l.750 F : o. 59 
Error 6 17 . 931 2. 989 
Total 11 134. 862 
** Significant difference a t the one percent probabil ity 
level. 
Table 9- c . Sequentia l r ange t est for compari son of t r ea t ment 
mean a 
** 
level . 
7.83** 
4 . 89 
6 . 99 
6. 83** 
4. 33 
6 .39 
6 . 2a** 
3. 45 
5. 23 
1.55 
4. JJ 
0.55 
3. 45 
-
Xe heck 
1 . 00 
Significant difference a t the one perce nt probability 
Figure 9 . 
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Pl nt tr ated in July 
Note une ven r1pen1n • 
September 1953. (Some 
to reveal fruit . ) 
1th 10 ppm 2, 4-D. 
Photographed 14 
f ol1a e · s removed 
so 
Table 10-a. Number of eeed.s Der 100-berr y sample 
(Experiment 2. Treated 10 July 1953.) 
Replication 
l 
2 
3 
Means 
Treatment (cone . of 2,4- D in ppm ) 
Check 1 10 100 
207 
2.31 
221 
219.7 
214 
217 
196 
209.0 
207 
172 
170 
18) . 0 
216 
2lJ.9 
219 
228 .0 
Ta ble 10-b. P,nalysls of variance 
Source of 
variation 
Treatments 
Replications 
Error 
Total 
Degrees of 
freedom 
3 
2 
6 
11 
• urns of 
squares 
3442 . 2.50 
503 .177 
1 .577.,500 
.5522 . 917 
Mean 
square 
1147 .417 F = 4 .36 
251.583 F : 0 . 96 
262 . 917 
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Table 11-a. Germina tion t est 
Re ,lication 
l 
2 
Means 
( Number of plant . obtained per 60-seed eample .) 
(Experiment 2. Treated 10 July 1953. ) 
Trea t ment {cone. of 2.4- D in pnm) 
Check 
10 
6 
8 
8 . 0 
l 
9 
14 
13 
1 2 . 0 
1 0 
10 
8 
12 
10 . 0 
100 
11 
17 
28 
18 .7 
Table 11-b. Analysis of variance 
Source of 
variation 
Trea t ments 
Repl ications 
Error 
Total 
Degrees of Bums of 
freedom squares 
3 
2 
6 
ll 
1 93 . 000 
60 . 177 
118 • .500 
J?l . 667 
Mean 
squa re 
64 . 333 
30 . 083 
19 . 7 50 
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Effect s of Spray Applications a t the 
End of t he Growing Season 
Plants of Experiment J were sprayed with 21 4- D solu-
tions in September . Data from measureme nts made in 1953 
of berry weights , color counts , sugar content , seed content , 
and germination were used principally to validat e the selec-
tion of p l ants . 'l'here were no statistically eigni.fica.nt 
differences at the five percent probability level , and with 
the exception of the germination tests , the coefficients 
of vari a tion fell below 8 . 2%. There 'ere no morphological 
changes evident on the plants due to the Sept ember applica~ 
tlon of the 2,4- D. 
As the bud .. began to expand in the spring of 1954 , 
experimental plants were observed weekly . No apparent 
carry over of 2, 4- D and/or its morphological sympt ms were 
obs er ved up to 12 June , at which time there were no flowers 
open . On 16 June , at which time about JO percent of the 
flowers were open , typical 2,4- D 1nJury was noted on the 
plant s sprayed with 100 ppm 2, 4- D in September of the 
previous year . Symptoms appeared to be most severe on 
the four year old plant at this time, but ithin one week 
i t was difficult to make t his distinction . Fruit set was 
obviously inhibited on the four yea:r old plant and possibly 
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on the 24 year old pl ants , although it was not obvious 
and no counts were made . Figure 10 p1cturee a part 
of one of these ~lants a t a later date . 
Close examination 21 June 19.54 also revealed 
2 ,4-D symptoms on shoots suckering near the bases of 
t wo pl ant s trea ted 1th 100 ppm in July 1953. A1r 
borne, incident 2, 4- i) did not appear in the vineyard 
in 1954 until about 16 July . 
Data and analyses of var i ance of berry weight, 
color counts , sugar content, and number of eeeds 
appea r in Tables 1 2 , lJ, 14, and 1.5, respectively . 
Sign1f 1cant differences are celculated in Tables 13 
and 14. There was a greater number of green berries 
on the September 19.53, 100 ppm treated vines, 1nd1-
oat 1ng a. delay in maturity . Sugar content was also 
lo er 1n the higher concentration trea tment, also 
indicating delayed maturity. 
Grapes of the four year old pl ant treated with 
100 ppm showe d t he highest sugar content of all 
trea t ments 1n thi s replication; yield , however, 
was only 0.5 kg, fruit set having been greatly 
impaired. 

Figure 10 . Pl ant treated 1th 100 ppm 2, 4- D in September 
1953. Photogr aphed 20 July 19.54. Symptoms 
appeared in June 1954 during flowering time . 
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Ta ble 1 2- a. . 
Replication 
l 
2 
3 
Means 
56 
Weigh t in r ams per 200-berr y sampl e a t 
harvest, l c.• ep tember 19 54 
( Exper iment J. Tre a t ed entember 19 53.) 
•r re tment (cone . of 2 , 4 - D in ppm) 
Check l 10 100 
476 . l 498 . 2 572. 2 .519 . 5 
.588.7 562. J 509.9 378 .4 
480.1 .544.8 .581.6 52l~.1 
515 . 0 531 . s 554.6 474 .0 
Table 1 2-b. Analysis of variance 
Source of 
variation 
Trea tments 
Replica tions 
Error 
Tota l 
Degrees of 
freedom 
2 
6 
11 
Bums of 
s quares 
10691. 20 
1101.81 
2601) . 10 
37806 .11 
Mean 
s quare 
3563 .73 
550.90 
4335 .52 
F : O. 8 2 
F = O. lJ 
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Table 13-a. . Number of green berr ies per 200- berry s ample 
at harves t , 14 September 1954 
( Experiment 3. Treat ed Sept ember 19.53. ) 
Replica tion Treatment (cone . of 2,4- D in ppm) 
Che ck 1 10 100 
1 11 13 4 15 
2 2 7 7 41 
3 6 6 3 26 
Means 6 . J 8.7 4.7 27. 3 
Table lJ- b . Analysis of variance 
Sour ce of Degrees of Sums of Mean 
varia t ion f reedom squares s quare 
Trea t ment s 3 99 5. 583 331. 861 F : 5. 23* 
Replica tions 2 :38 . 000 1 9 . 000 F = 0 . 30 
Er r or 6 380. 667 6J . 444 
Total ll 1414. 250 
* Significant difference a t t he five percent probability 
level . 
Table lJ- c . Sequential r ange t e s t fo r comparison of 
trea t ment means 
22 .e* 
22 .5 
3 2 . 2 
4 . 0 
20 . 0 
21 . 0* 
20 . 0 
29 . 4 
18 . 6* 
15 . 9 
24 . 1 
6 Si gn1f1cant dif f er ence a t t he f ive percent probability 
l eve l . 
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Table 14-a . Sugar content of raw Juice in degrees br1x a t 
harvest , 14 Sept ember 1954 
(Experiment J . Trea t ed September 1953 . ) 
Repl ica tion Treatment (cone. of 2, 4- D 
l 
2 
3 
Means 
Che ck 1 
16. 85 16. 45 
17 .40 16 . J5 
17 . 80 17 . 10 
17 . J5 16 . 63 
Table 14-b. Analysis of variance 
Source of 
varia tion 
Trea tment s 
Replica tions 
Error 
Tot al 
De~rees of Sums of 
fre edom squares 
3 
2 
6 
11 
6 . 692 
2 . 405 
1 . 223 
10 . )20 
10 
17 . 80 
17 .40 
18 . 50 
17 . 90 
Mean 
square 
2. 230 
1 . 202 
o. 204 
in ppm ) 
100 
1 6 . 20 
14 . 75 
16 . 80 
15. 92 
F = 11 . 1 5** 
F : 5 . 90• 
iH•s1gnificant dif'ference a t the one percent probability 
level . 
ttS ignif1eant difference a t the five percent pr obab lity 
l evel . 
Table 14- c . Seque ntial r ange t est for comparis on of 
trea t ment means 
1 . 98** 
l . 28 
l . 8 2 
l . ll.5* 
l . lJ 
1 . 67 
0 . 71 
0 . 90 
1 . 27* 
1 . 13 
1 . 67 
0 . 72 
0 . 90 
0.55 
0 . 90 
**S ignificant difference a t the one percent probabilit y 
level . 
*si gnificant difference a t the f i ve percent probability 
l e vel . 
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Table 15- a . Number of seeds per 100-berry s ample, 14 
September 1954 
(Experiment J . Treated September 1953. ) 
Replica tion Trea t ment (cone . of 2, 4- D in ppm) 
Check l 10 100 
1 192 190 19.5 18:3 
2 212 223 192 159 
3 199 199 189 236 
Means 201 . 0 204 . 0 19 2 . 0 192. 7 
'!'able 15- b . .Analysis of va riance 
Source of 
variation 
Trea tments 
Replications 
Error 
To t e.l 
Degrees of Sums of 
f reedom s qua res 
.3 
2 
6 
11 
324 . 250 
501.177 
3409.500 
4234 . 917 
Mean 
square 
108 . 083 
250 • .583 
.568 . 2.50 
F : O .19 
F = 0 . 44 
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Effects of Specific Amounts of 2 , 4-D 
Four year old pl ant s were treated with specific amounts 
of sodium 2, 4-D in the vineyard, 14 June 1953. One- twentieth 
milliliter of water solution containing Triton B-19.56, one 
part 1n 3000 , ras pl a ced on an area of 60 mm2 , enclosed by 
a ring of vasel ine on the currently matured leaf on one 
shoot of a plant. Four replications were trea ted in t h is 
way , 1nvolv1ng a sequence of 2, 4-D quantities 1n geometric 
proces s ion, common r a tio of 2, beginning with 0 . 25 microgram , 
extending to 1024 microgreJne . Wa t er with s preader was 
ap-,Jlled as a check treatment . 
Results were highly erratic. In general , there were 
fe if any s ymptoms of 2 , 4- D injury up to 8 microgr ams . 
Amount s of 2, 4- D from 16 to 256 microgr ams caused varying 
amount s or visible damage , in general more severe with t he 
higher concentrat ions, a lthough some trea ted shoots showed 
no evidence of treatment . Shoot s trea t ed with 512 and 1024 
microgr ams exhi bited only dead brown spot s a t the areas of 
appl ica tion. In every cas e of malformation t he injury was 
confined to t h2 node of application a nd nodes dis t al to 
t hem . 
During i. .. ebrua.ry 1954, pl ant s grown from rooted cuttings 
were brought into t he gr eenhouse and for ced into a ctive 
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growth. Fifty- eix pl ents 11ere s elected , r andomized into 
four replications, and trea t ed as above, the only excep tion 
being that t he 1/20 milliliter of solution was distributed 
within t wo Vaseline rings or over· 1 20 mm2 of leaf surfac.e . 
Evidence of treatment was pparent only on t he pl ants 
trea ted with 1024 micrograms, and. in this case slight 
pucker ing of the treated leaf . 
Four replica tions were again treated in the four year 
old vineyard , 18 June 1954. This time , an entire replication 
was randomized over one pl ant , that is , the experimental 
unit was a single shoot . Shoo t malformations were again 
erratic, t he high concentra tions s ometimes s ho 'ling no 
effects . However , the effects of t he treatments ere eae11y 
seen when the fruit began to ripen. Figure 11 is of one 
of the replicat ions , picturing only the fru i t , photogr aphed 
20 September 1954 , about 6 days after harvest . Treatment s 
above 64 micrograms caused all t he grapes on the shoot t o 
remain hard and gre en . Bunches on shoots treat ed 11th 64 
micrograms or less showed some unevenness of ripening in 
eomnarison to the check treatment . 
Fi gure 12 shows, on t he right , a shoot trea ted with 
1024 micrograms 2 , 4-D, to the left of lt , an untreated 
shoot on which the grapes were well ripened . Apparently 
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.s .25 
Figur e 11. Trea tment s 1n micrograms of 2, 4- D aoid equiv-
alent per hoot , pplied to t he las t matured 
le t on 120 mm2 of le f surfa ce. Photogr aphed 
20 Septe mber 1954. 
Figure 1 2 . 
6J 
Shoot on right treated r1th 1024 m1crogr ms 
2,4-D , 18 June 19.54. Shoot to the left ~ on 
same o ne , a s untreated . Photographed 20 
Seutember 19)4. 
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little tranelocation of the stimulus occurs into t he cane 
when treatment i s made early in the growing season. 
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DIE:CUSSION 
Use of volatile formul ations of 2,4- D in Iowa have 
b en so extensive that the atmosphere in recent summers 
has been charged ith enough mat eri a l to cause morphological 
deformities of grape shoots. 'fhe gener1- l occurrence of 
uneven ripening of and 1th1n bunches has been thought to 
originate from this 2 , 4-D contamination. A study was mad.e 
to determine the effect s of 2,4- D on the Concord grape a nd 
t hereby to determine how seriously this contamina tion may 
threa ten t he grape growing industry. 
If 2 ,4-D rema ined a ctive in the pl ant from one ye ar 
to the next , the cumulative effe ct of small doses might 
e ventually lead to s erious injury. Evidence of persistence 
of 2, 4- D activity in the tissues of the grape has been con-
firme d , but only where pl ants were treated ~1th rela tively 
l arge amount s of the herbicide l a te in t he growing see.son. 
Accident al spray drift could approa ch this concentra tion 
of 2 , 4- D, but t h i s amount undoubt edly exceeds the ambi ent 
2,4- D concentration p:enera.lly exner1enoed in Iowa . Experi-
ments with pl ant s a nd pl ant parts exposed to the a. ir borne , 
1nc1aent 2,4-D f a iled to show 2,4-D symptoms follo 1ng 
dormancy. 
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Symptoms on plants trea ted with 100 ppm 2, 4- D in 
Sentember did not appear the following spr ing 1t h the 
first flush of gro th , but did appear t hPee to four weeks 
l a ter . It is apparent that the 2 , 4-D or some reactive 
product :Vas absorbed and stored in the "' ood and was l a ter 
tranelocated into the new growth . The delay in transloca-
tion or in activity until the t h ird week in June was 
probably due t o the low temperatures of early spring . 
Kelly (22) found that 2,4-D retained it s a ctivity during 
the period that pl ants were kept in the cold ; when such 
plants were removed to higher temperatures the response to 
.2 , 4- D increased . 
Treatment of Concord grapes before flowering resulted 
in very severe foliage reduction in both 10 and 100 ppm 
concentra tions , but, statistically , fruit set was reduced 
only by the higher concentration . The oalyptras of f lo uer 
buds s pr ayed wi t h 100 ppm 2,4- D dried in place , thus tending 
to pre vent pollina tion . 1rhe observed trend toward de creased 
fruit set a t the 1 and 10 ppm treatment s is attributable to 
l a ter drop of berrie s , an event which might be expected on 
plants wi t h reduce d leaf a.rea . The early count s of fruit 
set were confused. because many of the ovaries persis ted 
into August and even enlarged before falling off ; conse-
quently , the date. reported are numbers of berries a t harves t . 
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Some fru1 t wa.s et on plant s trea ted 1th 100 npm 
2, 4-D , and the fruit contained seeds or seed coats; ho rever , 
it is s till not kno rn 1f fertilization was a ccomplished, 
since none of these seeds were successfully germinated. 
Plants of this trea tment recovered sufficient foliage t o 
ripen the small quantity of fruit set , and although there 
was a trend toward more green berries than on untreated 
plants. sugar content of the fruit 'as about average . 
Treatments of 100 pnm on 10 July aft er fruit set , led 
to a dr astic reduction in sugar content at harvest time and 
delayed maturity beyond the first f all f .ree ze. It was ob-
serve a in the first 1eek of Augus t tha t t hese berr1ee hen 
picked from the bunch separ ated rather easily on a line 
flush with the berry surface rather than pulling the brush 
from the berry . This atta chment seemed to grow stronger as 
time passed , but even two weeks beyond ha.rvest date , 14 
September, the brush d1d not separ ate from the berry. 
Because of t his it seems probable t hat the failur e to 
acc~mulate sugars in the fruit could be due to phloem 
injury rhich reduced translocation into the berry rather 
t han to a n i mpairment of the nhotosynthetie processes of 
the pl ant . 
Uneven ripening of and within the bunches was demon-
strated following the 10 ppm .2 ,4- D treatments in July. 
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Although ambi ent 2,4-D symptoms appeared about 4 July 1953, 
uneven ripening was no problem on the untreated v1nes a t 
J..mes . Va.r1a.b111 ty in spray coverage as no doubt a con-
tributing factor in uneven ripening of treated vines . 
Uneven ripening reported i n some vineyards could be a t-
tribute d to volatile 2 ,4-D, channelled t hrough the vines 
by a ir currents . 
The ca.use of second crop fruit set is i nconclusive. 
Mo st of the pl ants in the young , :four year old vineyard 
produced a second crop at and beyond t he t'irst affect ed 
node soon after evidence of contamination; trea t ed pl ants 
had considerably more second crop cluster and berries . 
In t he 24 year old vineyar d , one pl ant treat e d with 100 
ppm 2,4-D before flowering sho red eeoond crop fruit clus-
t ers; this wae: t he only pl ant in t his vineyar d on which 
t his phenom1na was observed. 
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Stn>iMARY 
Effe ct s of' 2 , 4- D on the Concord grape wer e studi ed by 
obs erving pl ants expos ed to ambient 2 1 4- D whi ch contamina t ed 
the summer atmospher e beginning t he f irst t wo weeks of J uly , 
and by exposing pl ant s to spr ay concentrations and s pe cif ic 
amount s of 2,4- D. 
Ambient 2,4- D caus ed morphological l ea f damage . It 
is not conclus i ve whether or not it l s the cause of reported 
uneven ripening a nd se cond crop set of f ruit ; however t hese 
e ffects were obta ined with 2, 4- D sprays . 
Spr ays . 1t h a concentra tion of 100 ppm 2, 4-D a cid 
equival ent applied before flower i ng , r educed fruit s e t f rom 
27. 6 pe rcent to 4 percent . Leaf ar ea on both 10 and 100 
ppm trea t ment s wae gr eatly reduced ; pl ant s thus treated 
survived , however , a nd made r api d recovery . 
Spr ays of 10 ppm applied 10 July caused uneven 
r i pening of t he fruit . Spr ays of 100 ppm caused delay of 
maturity a nd a compl ete loss of crop r eaul ted . Neit·her 10 
nor 100 ppm trea t men t s reduced foliage appre ci ably . 
Spr a.y s of 2, 4- D appl i ed a t harves t time caused no 
i mmediate s ymptoms . About fo ur weeks a f t er the breaki ng of 
t he buds the following spring , pl ant s spr ayed. wi t h 100 ppm 
2, 4- D be f ore dormancy developed. s evere 2 , 4- D symptoms ; 
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res ult s were reduced fru it set on a four year old pl ant 
e.nd s. significant reduction of s ugar cont ent of gr apes on 
25 year old vines. 
Tr anslocation of 2, 4- D ot1v1ty was observed to be 
limited to t he trea ted shoot if application was made early 
in t he growi ng s eason. 
A pen -i s des cribed for mat•k ing flower buds with India 
ink to f acilita te counting. 
1. 
2. 
3. 
4. 
s. 
6 . 
8 . 
10. 
11. 
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